ABSTRACT The distribution of '4C-styrene was studied in the pregnant mouse using a whole body low temperature autoradiographic technique. In unsectioned tissues studied by liquid scintillation the concentrations of styrene and its metabolites in maternal and fetal blood and organs and in the placenta and amniotic fluid were determined. The organs which had higher concentrations of volatile styrene were maternal lung, kidney, liver, adipose tissue, and brain in mice killed shortly after injection. Non-volatile metabolites were localised in the lung, liver, kidney, gall bladder, and intestine. There were considerable amounts of radioactivity in the fetuses, though the concentrations were not as high in the maternal tissues. Fetal tissue levels were almost the same as maternal brain in mice killed from one to six hours after injection. The concentrations of styrene and its metabolites in placenta and amniotic fluid were about twice those in the fetal tissues. The placenta seems to play the part of a barrier for the fetus.
Because of their extensive use, organic solvents have received much attention in the past decade as possible factors in causing embryotoxic effects in man. One of these, styrene, plays an important commercial part as it has been used in the production of polymers, copolymers, and reinforced plastics that have been used as food packaging materials. '2 Styrene has been reported to be mutagenic in many experimental systems when metabolically activated3; toxicity and teratogenicity have been reported in chick embryos,4 but there is only one report on the fetal uptake and distribution of styrene.5
In view of the current interest in the toxicology of styrene and the lack of quantitative data on its distribution in the fetus we have studied the distribution of '4C-styrene using a whole body low temperature autoradiographic technique to assess the fetal uptake and distribution after injection to dams. Methods AUTORADIOGRAPHY [8-'4C] -Styrene with a specific activity of 2-2 m Ci/mmol was purchased from the Radiochemical Centre, Amersham, UK, and dissolved in sufficient styrene to obtain a concentration of 1 pCi/pl. The mice Accepted 23 May 1988 (CD-l,crj), in their 16th day of pregnancy, were injected with 5 pCi styrene in a tail vein with 0-025 ml of corn oil. The animals were killed by cervical dislocation after one minute, 30 minutes, one hour, two hours, or six hours and immersed in n-hexane cooled by carbon dioxide (-78°C Placental transfer and tissue distribution of'4C-styrene: an autoradiographic study in mice and in the placenta and amniotic fluid were quantitatively determined. A 3 imole amount of the styrene with 3 uCi of radioactivity was given to each pregnant mouse as described above.
Results

RADIOAUTOGRAPHY
One minute after injection, there were high levels of volatile radioactivity (non-metabolised styrene) in the lung, adipose tissue, and the blood vessels of the head. Non-volatile radioactivity was present only in the lung at this early phase (figs la, b).
The distribution of radioactivity after 30 minutes exposure at -70°C is shown in fig 2a. Low temperature autoradiography shows an especially high concentration of radioactivity in the lung and in the kidney. About equal concentrations were found in the liver and adipose tissue and the concentration was also high in the tissue surrounding the eyeball. A comparison with autoradiograms of dried and evaporated sections from the same mouse (fig 2b) showed that non-volatile radioactivity, representing styrene metabolites, was localised in the lung, liver, kidney, and intestine, whereas lower radioactivity was visible in body fat and the nervous system. There were considerable amounts of radioactivity in the fetuses, though the concentrations were not so high as in the maternal tissues. As may be seen by comparing the two pictures (figs 2a, b), only styrene itself seems to have an affinity for body fat. Figures 3a and b show the radioautograms one hour after injection. A comparison with autoradiograms of dried and evaporated sections from the same mouse showed that volatile radioactivity (styrene itself) was localised in adipose tissue, whereas both styrene and styrene metabolites were localised mainly in the liver, kidney, and lung. In the radioautogram one hour after injection, the radioactivity of the placenta was considerably higher than that of the fetal tissues.
Non-volatile radioactivity in the lung, liver, kidney, and intestine was high up to one, two, and six hours after injection. Two hours after injection, the concentrations in the gall bladder and intestine exceeded those of lung and liver. Radioactivity was also present in the fetus. At these survival times the concentrations Kishi, Katakura, Okui, Ogawa, Ikeda, Miyake At Lu Li K in the blood and the brain of the mother were low, being almost the same level as in the corresponding tissues of the fetus (figs 4a, b). By looking at the different distribution pictures of the autoradiograms obtained from the frozen sections and freeze dried evaporated sections from the same animal, we can compare the distribution of volatile and non-volatile substances. The difference was considerable at the shorter survival time-for instance, within 30 minutes or one hour after injection. At six hours after injection, however, there was practically none as by then almost all the volatile styrene had been converted into its metabolites, suggesting that the metabolic rate of styrene is rather fast. In dried and evaporated sections of mice six hours after injection a high radioactivity was localised in the gall bladder, liver, kidney, and intestine (figs 5a, b).
LIQUID SCINTILLATION SPECTROPHOTOMETRY
From the quantitative liquid scintillation spectrophotometric data it was determined that radioactivity distributed quickly throughout the body. The organ which first had the highest concentration of styrene and its metabolites was the maternal lung in mice killed shortly after injection. In mice killed five minutes after injection the radioactivities of the lung, gall bladder, liver, kidney, and adipose tissue were 24-36, 4 22, 1A49, 0-94, and 2-01 pmole styrene equivalent/g tissue, respectively. The lung was shown to be an important storehouse even in animals administered styrene by intravenous injection. Later, maternal gall bladder also showed high levels of activity in mice killed one, two, or six hours after the injection (table 1) . Radioactivity in the urine was also high in mice killed two or six hours after injection. The radioactivity passed the placenta at all the times studied (table 2). The radioactivity in the fetal tissues was lower than the highly distributed radioactivity in the maternal tissues such as lung, gall bladder, liver, and kidney in mice killed five minutes, 30 minutes, or one hour after injection. In mice killed 30 minutes after injection maternal blood, brain, and liver were 0-22, 0-27, and 137 pmole styrene equivalents/g tissue, respectively. By contrast, the placenta, amniotic fluid, fetal brain, and fetal liver contained 0 14, 0 04, 0-04, The quantitative liquid scintillation spectro-tissues immediately after injection. The concentrations photometric measurements of radioactivity agreed of styrene and its metabolites in placenta and amniotic well with those obtained by autoradiography. That is fluid were about twice those in the fetal tissues. These to say, styrene and styrene metabolites showed a results confirm those of a previous study by Withey higher radioactivity in the lung. The lung is perfused and Karpinski which concluded that by comparison by the entire cardiac blood output, whereas the liver with fetal styrene concentrations the maternal blood receives a quarter of the output. It was also reported concentrations were more than twice as high for 1000 that the enzymes from the lung had much higher and 2000 ppm styrene exposure.5 The placenta seems specific activities per unit of cytochrome P-450 con-to play the part of a barrier for the fetus. centration for organic solvents, especially the Possibly even more important was the retention of aromatic solvents.'0 The presence of styrene radioactivity in the fetus at a relatively constant level metabolites in the lung of the mouse may result from for at least 24 hours. The slower decrease rate of the particularly high activity of styrene mono-oxygen-styrene metabolism in the fetus compared with materases in the mouse lung.
nal tissue after a single injection might be important, An autoradiographic study on the uptake of especially in the case of chronic exposure causing '4C-styrene by mice, in which each animal inhaled the styrene to accumulate in fetal tissue. Although there vapour from 10 ll of styrene in a small inhalation has been no report comparing styrene metabolism in apparatus for 10 minutes was carried out by fetal tissues with that in the mother, the hepatic and Bergman.7 The autoradiograms showed that the extrahepatic capacity of the fetus to detoxify epoxradioactivity was localised in the bronchi, lungs, and ides'" seems to be biologically important in view of the liver for both the styrene labelled in the side chain and fact that xenobiotics traversing the placenta to a great the ring labelled compound. A large proportion of the extent reach the fetal organs directly through the radioactivity was found in the gall bladder and kidney, venous duct without proceeding through the liver.
suggesting that these are the primary routes of excretion.
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